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CN1 198453 (reference document 2) 
Claims 

1. A modified poly ether-ether-ketone composite material, which 
comprises poly ether-ether-ketone and flock, characterized in that said 
composite material still comprises a thermotropic liquid crystal polymer, the 
components and their contents (part by weight) being as follows: 

Component Content 

Poly ether-ether-ketone 40-80 

Thermotropic liquid crystal 5-30 
polymer 

Flock 10-40 

2. The poly ether-ether-ketone composite material according to claim 1, 
characterized in that the content of said poly ether-ether-ketone is 55-70 
parts by weight. 

3. The poly ether-ether-ketone composite material according to claim 1, 
characterized in that the content of said flock is 15-30 parts by weight. 

4. The poly ether-ether-ketone composite material according to claim 1, 
characterized in that said thermotropic liquid crystal polymer is a backbone- 
type thermotropic liquid crystal polymer. 

5. The poly ether-ether-ketone composite material according to claim 4, 
characterized in that said backbone-type thermotropic liquid crystal polymer 
is a backbone-type aromatic copolyester. 

6. The poly ether-ether-ketone composite material according to claim 1, 
characterized in that said flock is a short glass fiber or short carbon fiber. 
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characterized in that said backbone-type aromatic copolyester is the random 
copolyester of para-hydroxybenzoic acid and 6-hydroxy-2-naphthoic acid. 

8. Any poly ether-ether-ketone composite material according to claim 5, 
characterized in that said backbone-type aromatic copolyester is the random 
copolyester of para-hydroxybenzoic acid and diethyl terephthalate. 

9. The short glass fiber according to claim 6, characterized in that it is a 



glass fiber, the surface of which is treated with a coupling agent or graft 
copolymer. 

10. The short carbon fiber according to claim 6, characterized in that it is a 
carbon fiber, the surface of which is treated by oxidation or 
electrodeposition. 
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A poly ether-ether-ketone composite material modified with 
thermostatic liquid crystal polymers 

The present invention relates to a thermoplastic material reinforced with 
flock, particularly to a poly ether-ether-ketone composite material modified 
with thermostatic liquid crystal polymer and reinforced with flock. 

Poly ether-ether-ketone (PEEK) is a special engineering plastic with 
excellent comprehensive properties, for example, it possesses 
thermotolerance and chemical stability of thermosetting plastics and 
moldability of thermoplastic plastics at the same time. Compared to the 
unreinforced poly ether-ether-ketone, the poly ether-ether-ketone reinforced 
with flock exhibits higher strength, modulus, and thermotolerance. Polymer 
Composites Vol. 17, P468, 1996 reported a poly ether-ether-ketone 
composite material reinforced with short glass fiber and short carbon fiber, 
the mechanical property of which was apparently superior to the poly ether- 
ether-ketone substrate. The melting point of poly ether-ether-ketone and the 
viscosity of its molten mass are rather high, and the dependence of its melt 
fluidity on temperature is not strong, so it requires higher molding 
temperatures (the temperature of the charging barrel is controlled at about 
350-400°C) and injecting pressures in processing. Processing of the poly 
ether-ether-ketone composite material reinforced with flock is difficult 
because the melt fluidity becomes poorer due to the presence of flock in the 
system. What is more unfavorable is that the high content of reinforcing fiber 
enhances the friction between fiber and fiber, fiber and the equipment, 
causing severe rupture of the reinforcing fiber and reduction of the 
reinforcing effect. 

The objective of the present invention is to overcome the shortcornings of 
poor melt fluidity, wear to the equipment, and significant rupture of flock 
present in the poly ether-ether-ketone system reinforced with flock, and 
provide a poly ether-ether-ketone composite material modified with 
thermostatic liquid crystal polymer and reinforced with flock, this material 
having good processing and mechanical properties. 



The feedstocks of the poly ether-ether-ketone composite material of the 
present invention are poly ether-ether-ketone, flock, and thermotropic liquid 
crystal polymer, and the components and their contents are as follows: 

Component Content (parts by weight) 

Poly ether-ether-ketone 40-80 (most preferably 55- 

70) 

Thermotropic liquid crystal 5-30 
polymer 

Flock 10-40 (most preferably 15- 

30) 

The aforesaid flock is a surface treated carbon fiber (CF) or glass fiber 
(GF). The surface of the glass fiber may be treated with a coupling agent or 
graft polymer. Alternate copolymer of vinyl acetate-maleic anhydride or 
alternate copolymer of styrene-maleic anhydride may be deposited on the 
surface of carbon fiber by surface oxidation or electrodeposition. The 
aforesaid thermostatic liquid crystal polymer (TCLP) is backbone-type 
aromatic copolyester with a melting range between 190°C and 350°C 5 
exhibiting an interlaced structure under a micropolariscope. For example, the 
random copolyester of para-hydroxybenzoic acid with glycol phthalate has 
melting points ranging from 250°C to 350°C and the following structural 
formula: 




TLCP may also be random full-aromatic copolyester of para- 
hydroxybenzoic acid with 6-hydroxy-2-naphthoic acid with a melting point 
ranging from 270°C to 350°C and the following structural formula: 
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The preparation process of the poly ester-ester-ketone composite material 
of the present invention proceeds according to the following steps: 

10-20 parts of thermostatic liquid crystal polymer (TLCP), 50-80 parts of 
poly ester-ester-ketone substrate, and 10-40 parts of flock are mixed, 
extruded, and pelleted through a single- or double-screw extruder at 370°C- 
400°C, and then subjected to injection-molding. 

In the melt processing of the poly ester-ester-ketone composite material 
of the present invention, which is modified with thermostatic liquid crystal 
polymer and reinforced with carbon fiber, both TLCP and poly ester-ester- 
ketone are molten mass. The rather strong shear thinning rheological 
behavior of TLCP lowers the viscosity of the molten mass, reduces the 
torque of the screw rod in processing (see Table I. The rheological behavior 
of the molten mass was characterized with HAAKE RC 90 torque rheometer, 
showing that the balance torque is directly proportional to the viscosity and 
the total torque at a certain moment is directly proportional to the work 
consumed so far for mixing), reduces die wear of the extruder and injection- 
molding machine by the material, and meanwhile, reduces the rupture rate of 
the flock in processing, raises the average length/diameter ratio of the flock 
in the composite material (see Table II), and enhances the mechanical 
properties of the poly ester-ester-ketone composite material (see Table III). 

Table I shows the balance torque M 360 »c and total torque at the 5th minute 
of the composite materials with different weight ratios of thermostatic liquid 
crystal polymer to carbon fiber to poly ester-ester-ketone when they were 
mixed in the HAAKE RC 90 torque rheometer (the rotation rate of the rotor 
was 40 rpm). 

Table II shows the number average length and number average 
length/diameter ratio of the carbon fiber in the injection-molding product of 
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the composite materials with different weight ratios of thermostatic liquid 
ciystal polymer to carbon fiber to poly ester-ester-ketone. 

Table III shows the tensile mechanical properties of the composite 
materials with different weight ratios of thermostatic liquid crystal polymer 
to carbon fiber to poly ester-ester-ketone. 



Table I 



Sample 


Balance torque M 360 o C 
(Nm) 


Total torque at 5 th 
minute (Nm-min) 


PEEK 


5.8 


31 


PEEK/CF 85/15 


9.8 


49 


PEEK/CF/TLCP 


8.8 


44 


70/15/15 






PEEK/CF 70/30 


13.8 


68 


PEEK/CF/TLCP 


9.5 


51 


55/30/15 







It can be seen from Table I that addition of TLCP improved the 
processing properties of the system relative to the carbon fiber/poly ether- 
ether-ketone system. 



Table II 



Sample 


Number average 
length of carbon 
fiber (urn) 


Number average length to 
diameter ratio of carbon 
fiber 


PEEK/CF 85/15 


123.6 


16.5 


PEEK/CF/TLCP 


164.8 


22.0 


70/15/15 






PEEK/CF 70/30 


103.5 


13.8 


PEEK/CF/TLCP 


122.9 


16.4 


55/30/15 
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It can be seen from Table II that addition of TLCP reduced the rupture 
rate of the carbon fiber and raises the number average length/diameter ratio 
of carbon fiber in extruding and injection-molding relative to the carbon 
fiber/poly ether-ether-ketone system. 



Table III 



Sample 


Tensile strength 
(MPa) 


Tensile modulus 
(GPa) 


PEEK 


91 


2.9 


PEEK/CF 85/15 


141 


5.2 


PEEK/CF/TLCP 


154 


5.6 


70/15/15 






PEEK/CF 70/30 


* 


* 


PEEK/CF/TLCP 


183 


8.8 


55/30/15 







Note: the PEEK/CF 70/30 system has too high a viscosity to be molded on 



the CS-183 injection-molding machine 

It can be seen from Table III that addition of TLCP improved the 
mechanical properties of the system relative to the carbon fiber/poly ether- 
ether-ketone system. 

Example 1 

15 parts of PHB/HNB (73/27) thermostatic liquid crystal polymer, 15 
parts of surface treated carbon fiber, and 70 parts of poly ether-ether-ketone 
(the limit viscosity determined in concentrated sulfuric acid solution was 
[n]=0.83 dl/g, T g =143°C, T m =334°C) were molten and mixed on the CS- 
194A extruder at a rotor temperature of 380°C and a die orifice temperature 
of 370°C. The extruded bars were pelleted after cooling and the resultant 
pellets were injected into a tensile strip specimen of ASTM standard with a 
rectangular cross section and a dumbbell shape on the CS-183 MINI MAX 
injection-molding machine under a molten mass temperature of 380°C and a 
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modulus temperature of 150°C. The balance torque M 360 o C was 8.8 Nm and 
the total torque at the 5 th minute was 44 Nm-min when the above 
components were mixed in the HAAKE RC 90 torque rheometer. The tensile 
strength of the above tensile strip specimen was 154 MPa, the tensile 
modulus was 5.6 GPa, and the derived number average length/diameter ratio 
of the carbon fiber in the injected tensile strip specimen was 22.0. 
Example 2 

15 parts of PHB/HNB (73/27) thermostatic liquid crystal polymer, 30 
parts of surface treated carbon fiber, and 55 parts of poly ether-ether-ketone 
(the limit viscosity determined in concentrated sulfuric acid solution was 
[ti]=0.83 dl/g, T g =143°C, T n =334°C) were used and the other conditions 
were the same as Example 1. The balance torque M 360 o C was 9.5 Nm and the 
total torque at the 5 th minute was 51 Nm-min when the above components 
were mixed in the HAAKE RC 90 torque rheometer. The tensile strength of 
the above tensile strip specimen was 183 MPa, the tensile modulus was 8.8 
GPa, and the derived number average length/diameter ratio of the carbon 
fiber in the injected tensile strip specimen was 16.4. 
Example. 3 

20 parts of PHB/HNB (73/27) thermostatic liquid crystal polymer, 40 
parts of surface treated carbon fiber, and 40 parts of poly ether-ether-ketone 
(the limit viscosity determined in concentrated sulfuric acid solution was 
[r|]=0.83 dl/g, T g =143°C, T m =334°C) were molten and mixed on the CS- 
194 A extruder at a rotor temperature of 380°C and a die orifice temperature 
of 370°C. The extruded bars were pelleted after cooling to yield a poly ether- 
ether-ketone composite material modified with thermostatic liquid crystal 
polymer and reinforced with short carbon fiber. 
Example 4 

10 parts of PHB/HNB (73/27) thermostatic liquid crystal polymer, 10 
parts of surface treated carbon fiber, and 80 parts of poly ether-ether-ketone 
(the limit viscosity determined in concentrated sulfuric acid solution was 
Dl]=0.83 dl/g, T g =143°C, T m =334°C) were molten and mixed on the CS- 
194 A extruder at a rotor temperature of 380°C and a die orifice temperature 
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of 370°C. The extruded bars were pelleted after cooling to yield a poly ether- 
ether-ketone composite material modified with thermostatic liquid crystal 
polymer and reinforced with short carbon fiber. 

Comparative Example 1 

15 parts of carbon fiber was used to reinforce 85 parts of poly ether-ether- 
ketone and the other conditions were the same as Example 1. The balance 
torque M 360 o C was 9.8 Nm and the total torque at the 5 th minute was 49 Nm- 
min when the above components were mixed in HAAKE RC 90 torque 
rheometer. The tensile strength of the above tensile strip specimen was 141 
MPa, the tensile modulus was 5.2 GPa, and the derived number average 
length/diameter ratio of the carbon fiber in the injected tensile strip specimen 
was 16.5. 

Comparative Example 2 

30 parts of carbon fiber was used to reinforce 70 parts of poly ether-ether- 
ketone and the other conditions were the same as Example 1. The balance 
torque M 360 o C was 13.8 Nm and the total torque at the 5 th minute was 68 Nm- 
min when the above components were mixed in HAAKE RC 90 torque 
rheometer The viscosity of the system was too high to be molded in CS-183 
MINI MAX injection-molding machine. The derived number average 
length/diameter ratio of the carbon fiber in the extruded bars was 13.8. 
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on 


M 3 «„-c (Nm) 


5 (Nm-min) 


PEEK 


5.8 


31 


PEEK/CF 85/15 


9.8 


49 


PEEK/CF/TLCP 70/15/15 


8.8 


44 


PEEK/CF 70/30 


13.8 


68 


PEEK/CF/TLCP 55/30/15 


9.5 


51 



PEEK/CF 85/15 123.6 16.5 

PEEK/CF/TLCP 70/15/15 164.8 22.0 

PEEK/CF 70/30 103.5 ■ 13.8 

PEEK/CF/TLCP 55/30/15 122.9 16.4 



^*noriu*ttj, miTm&m/mmmmft&, tlcp ma, m^jmn 
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i&IIl 



Wan 


ffl<mBt (MPa) 


fit#«S (GPa) 


PEEK 


91 


2.9 


PEEK/CF 85/15 


141 


5.2 


PEEK/CF/TLCP 70/15/15 


154 


5.6 : 


PEEK/CF 70/30 


* 


4c 


PEEK/CF/TLCP 55/30/15 


183 


8.8 



ft: PEEK/CF 70/30 fc^f J|ft&**!!B*Sfc& CS-183 tta#L±Jt?H. 



JB 15^ PHB/HNB (73/27) $&ttAX<g-g|. 15 #«£*W&3W«R«Fli-*3 70 
3lffilS*Sl (&ifcflEl8»fc***§M«R*!iff37 [ii]=0.83 dl/g, T g =143°C, T m =334°C) 

# cs-i94A mm^i±mm^m, m^mx 3so°c , mnumx 37o°c. #fj±j& 

^*P^3t«£, J9f»i&3|S^fe CS-183 MTNI MAX £«m±&3tiB ASTM ^JgWfcTg 

38o°c i5o°c. ±^S5^« 

HAAKE RC 90 #$eafc£{X+#Sttfa 3 N&*$$S M 3M . C 3/ 8.8 Nm, 5 #$HKf«J& 
44 Nm-min. ±]£ft##&#jft#3£j£37 154 MPa, 5.6 GPa. 

mn&Mmm&^m&mt&^mLttito 22.0. 

3£fi(£#!l 2: 

m ISm PHB/HNB (73/27) $&%AX£-<&, 30 #&*WttSWfi**f 55 $ 
I£fii*SiSe («*iKlft»?0[+J!il»»ftPRttflt* h]=0.83 dl/g, T g =143°C, T„= 334°C). 
3St;&fH3&fi£#J 1. .fcJ*E^ HAAKE RC 90 

*g.M 360 -c % 9.5 Nm, 5 4WH*Mj&«^ 51 Nm-min. ±i£ft##&lttft#3S J g 
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# 183 MPa, mmm% s.s opa. fm&&mm&*®.&mm®*&&* 

16.4. 

£«J3: 

m 20B PHB/HNB (73/27) &gC&.&i^, 40 f#^®£hg«JfiS«f ^ 40 {# 
^R4S*m {mmMftWL*mftttom&fc%t%l |>l]=0.83 dl/g, T g =143°C, T m =334°C) 
£ CS-194A ^£*Jl±*§iiy*ra, $t^M:*J 380°C , ^P&jS^ 370°C. SFifa^t 

« io ^ phb/hnb (73/27) fm^m^, io ^mmnm^m^-m^ so 

^ISimSI^ (^«KS?^^»!!l={#6<}S|iB)feffi^J h]=0.83 dl/g, T^WC, T ra =334°C) 
£ CS-194A ^tn.±*g}lfe&i!, $t^M^7 380°C , ^PM^ 370°C. #r£B& 

Mitm l: 

« 15 mmztmm& ss ^mmm, n-z&Vrm%mw 1. ji^^Whaake 

RC 90 ^«W^mftf fa^*^ M 360 -c Ik 9.8 Nm, 5 ##0m£:#$£# 49 
Nm-min. ±&m%W&&im* ? M&% 141 MPa, ©#^*^7 5.2 GPa. r^Sltft 
##&4*^mft&i$£@tfc>*7 16.5. 

*J-fcfc#>j2: 

M 30 iftffin*m& 70 ^SSBI&Si ^'S&ttl^J^J l. ±i£6fi3r£ HAAKE 
RC 90 ^aC^+^tR^ W 3 ! 1 *^ M 360 . c # 13-8 Nm. 5 ## ! &t«J&$f 68 
Nm-min. fc-^&ttJKtt*!?!!:**. WST CS-183 MINI MAX 

ItJSS. ^»HJ&*m£FStM«#fcSH:af 13.8. 



